Introduction
Recurrent bile duct stones usually refer to bile ducts stones that reappeared 2 years after bile duct exploration operation, and is the most common longterm complication after gallstone surgery (1, 2) . Because there are still no effective therapies for preventing this complication, some patients have experienced bile duct stone recurrence for many times. According to literatures, the incidence of recurrent bile duct stones is about 4-24% (3) (4) (5) .
Gallstones are distinguished into the following two types: cholesterol gallstones that contain more than 50% of cholesterol (nearly 75-80% of gallstones) and pigment gallstones that contain less than 30% of cholesterol by weight, which can be subdivided into black pigment gallstones (10-15%) and brown pigment gallstones (5-10%) (6) (7) (8) (9) . Cholesterol gallstones are associated with risk factors such as dyslipidemia, total parenteral nutrition, gallbladder hypomotility, gender (female), and old age. Black pigment gallstones are associated with typical hyperbilirubinbilia factors such as hemolysis, liver cirrhosis, and pathologic enterohepatic cycling of unconjugated bilirubin. Brown pigment gallstones are associated with biliary infection (10) (11) (12) . Recurrent bile duct stones mostly belong to pigment gallstones. Patients with recurrent bile duct stones with Oddis sphincter laxity were intractable; here we sought to present the possible and helpful surgical treatments for such patients.
Causes of pigment gallstone of bile duct

Bile infection
Pigment gallstones were often associated with severe bile duct inflammation and biliary tract infection. During the operation of bile duct lithotomy, surgical instruments can damage the bile duct wall, and the compression of the T tube can also damage the bile duct wall, these can destroy bile duct mucous membrane, further cause bile infection.
By electron microscopy, it was found that bacteria were present in the core of the gallstone, suggesting that bacteria plays a major role in the formation of bile pigment gallstones (13, 14) . Through the bacterial culture of bile, the highest positive rate is Escherichia coli (15) . The mechanism of pigment gallstone to Escherichia coli, can be understood as the bile bacteria producing beta glucuronidase, it can be combined with bilirubin hydrolysis into unconjugated bilirubin and glucuronic acid, unconjugated bilirubin and calcium binding to bilirubin precipitated calcium, thereby promoting pigment gallstone formation (16) (17) (18) (19) (20) 
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Dr. Yuesi Zhong, Department of Hepatobiliary Surgery, Third Affiliated Hospital, Sun Yat-Sen University, Guangzhou 510630, China. E-mail: zysi@163.com obstruction of the biliary tract, It was often occurred in the operation of exploratory rough, postoperative T tube compression, postoperative Oddi sphincter edema (21, 22) . These biliary lesions can cause biliary strictures during the healing process, and then cause a series of pathological changes. When bile duct obstruction occurs, the concentrated bile was strongly stimulated by the bile duct mucosa, which stimulates the exfoliated bile duct epithelial cells as well as the aggregated bacteria to precipitate more easily, resulting in bile pigment stones (23).
Duodenal diverticulum
Duodenal diverticulum (DD) was originally descripted by Chomel in 1710, and got more detailed appraisal by Morgagni in 1762 (24) (25) (26) . It was difficult to evaluate the exact incidence of DD. According to published data, DD were seen in 15-22% of post mortem studies (27) (28) (29) (30) . Most diverticula are located in the second part of the duodenum, commonly within 2.5 cm of the ampulla. It was reported that 88.9% of patients with DD were associated with bile duct stones. In Manometeric's study, duodenal diverticulum could lead to the formation of pigment stones. They reported that the pressure in the sphincter of Oddi may be decreased. The decreased pressure might allow reflux of intestinal microfloras for a stagnant diverticulum, and then β-glucuronidase derived from bacterial would deconjugate bile pigments. It would explain why patients with duodenal diverticula are more likely to suffer from pigment stones.
Sphincter of Oddi Laxity
The sphincter of oddi (SO), a smooth musle, was initially described by Ruggero Oddi in1887 (31) . Regarding to the function of SO, there are three main functions: regulation the discharge of bile and pancreatic juice, resist reflux from duodenum juice to the bile and pancreatic duct, and make the gallbladder filling.
Normally, the diameter of the duodenum papilla orifice is no more than 2-3 mm, but in some patients, the sphincter of Oddis is completely relaxed, it was called sphincter of Oddi laxity (SOL) (32) . Paimary or secondary SOL mainly depends on patients whether have a history of biliary tract surgery.
In SOL patients, the sphincter of Oddi lose the ability of reflux prevention, and will lead to duodenal content flow into the bile or pancreatic duct (33) . It might result in bacterial infection and imbalance of biliary PH, and then β-glucuronidase generated by E.cilo lead to the formation of pigment stones in the biliary tract.
Causes of Sphincter of Oddi Laxity
Currently, it is not clear for the specific causes of SOL. These causes could disrupt the normal structure of SO, which results in altered function of SO, and eventually SO can not act as "gate" function. According to published data (32, 33) , SOL are classified as primary and secondary based on the causes. Primary sphincter of Oddi Laxity is mainly due to congenital abnormality, congenital malformation of smooth muscle and absence of some neurotransmitter receptors can result in SOL.
Secondary SOL (SSOL), the most common, was attributed to at least two major factors. The first cause of SSOL was mechanical injury by stones that repeatedly induced large amounts of inflammation mediators. Regular contraction and relaxation of SO response to neurotransmission is impaired, which may contribute to abnormal SO relaxation. The second cause of SSOL was iatrogenic injury, which include endoscopic retrograde cholanguopancreatography (ERCP), endoscopic sphincterotomy (EST), and Biliary tract exploration surgery using a Bake's dilator. Those above injuries would induce inflammation of SO over times, and then result in SSOL.
The discharge of bile into the duodenum involves both neural and hormonal pathways. The sphincter of Oddi relaxes while gallbladder contracts, the bile is discharged into the duodenum (34, 35) . Neural and hormonal regulation of Sphincter of Oddi loses work when there is Oddis sphincter laxity, the basal pressue of biliary tract decreases, then resulting in gallbladder excessive filling and possible decreased discharge of bile flow into duodenum, and subsequently biliary tract cholestasis develops.
Surgical treatments for patients with recurrent bile duct stones and Oddis sphincter laxity
Recurrent bile duct stone, as an intractable disease, is prevalent in China. The incidence was estimated as high as 24%. In some clinical practice, recurrent bile duct stone had a tendency of Oddis sphincter laxity and always needed reoperation. However, the current methods of reoperation have not been unified, and there are few clinical comparative studies showing which surgical procedure is better.
Many methods of surgical treatments can be considered for patients with recurrent bile duct stones. These are: a) postoperative fibrocholedochoscopic extraction of stones; b) endoscopic extraction of stones; c) choledocholithotomy and T tube drainage; d) choledochojejunostomy; e) percutaneous transhepatic cholangioscopy ( Figure 1) .
Postoperatively, while T-tube is still in the common bile duct, a firm fibrous tract formed, and it is feasible to extract the recurrent stones through fibrocholedochoscopy (36, 37) . However, most of patients with recurrent bile duct stones were diagnosed after the removal of T-tube.
Since 1974, endoscopic sphincterotomy (EST) has been used for removal of recurrent common bile sphincter laxity, duodenal content can still flow into the bile or pancreatic duct.
Prospects for the future
It is generally known that recurrent bile duct stones are very common in Southeast Asian countries with high recurrence rate. Studies have shown that bile duct drainage was not unobstructed, however, there was still bile duct stones recurrence. The concurrent Oddis sphincter laxity maybe related to the recurrent bile duct stones.
By reviewing some clinical studies, we found that patients with Oddis sphincter laxity are more likely to suffer from bile duct stones and often need reoperation (43) . However, there is no consensus on the surgical treatments of recurrent bile duct stones with concurrent Oddi sphincter laxity.
Oddi sphincter laxity will lead to intestinal juice reflux, biliary tract cholestasis, and further biliary tract infection, resulting in recurrence of bile duct stones. Therefore, we could conclude that Oddi sphincter laxity is one of the indirect cause of recurrent bile duct stones.
Choledochojejunostomy for the treatment obstruction of distal common bile duct have been better defined. And it was suggested that recurrent bile duct stones with Oddis sphincter laxity is also one indication of choledochojejunostomy (44) . Rouxen-y Choledochojejunostomy can avoid stenosis of bile duct and make the bile drainage unobstructed. duct stones. After a successful EST, the stones can be extracted with Dormia basket (38, 39) . EST is generally considered both safe and effective, but the possibility of complications can not be ignored. Among the complications, post-procedural impaired Oddis sphincter is thought to be the major cause of Oddis sphincter laxity and recurrence of bile stones.
Percutaneous transhepatic cholangioscopy (PTCS), advocated in 1974, is a minimally invasive technique for removal of biliary stones. When patients with stones in more than two lobes of the liver, PTCS is a reasonable choice. Howerer , PTCS is ineffective in treatment of stenosis of bile duct and Oddis sphincter laxity (40, 41) . Hence, PTCS is only a temporary method of stone removal, and it can not be effective in preventing recurrence of bile duct stones.
If the stone is large and impacted in the bile duct, the above treatments may face failure. Under these circumstances, reoperation continues to be indicated for recurrent bile duct stones. Choledocholithotomy with T tube drainage and Choledochojejunostomy are the basic method in the treatment of recurrent bile duct stones. According to a retrospective study from China, when recurrent bile duct stones with Oddis sphincter laxity, the recurrence rate of bile duct stone after choledochojejunostomy was lower than that that of Choledocholithotomy with T tube drainage (42) . The main reason is that choledochojejunostomy can make the bile duct drainage unobstructed. In addition, choledocholithotomy did not solve the problem of Oddis Then the high risk factor of recurrence of bile duct stones will be eliminated. Moreover, Oddi sphincter laxity often accompanied with intestinal reflux, Roux-en-y choledochojejunostomy is with ability of antireflux for some extent, which is another reason, that choledochojejunostomy can reduce or even eliminate the incidence of recurrent bile duct stones with Oddi sphincter laxity.
To our knowledge, there are no guidelines for when to perform Roux-en-y choledochojejunostomy for the treatment of patients with recurrent bile duct stones and Oddi sphincter laxity. Prospective randomized clinical trial is needed for evaluating the outcome of such surgical treatment.
